(19) 



J 



Europalsches Ratentanit 
European Patent Office 
Office europeen des brevets 



lilllliiiil 



(11) 



EP1 101 935 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

28.11.2001 BuHrtin 2001/48 

(43) Date of publication A2: 

23.05.2001 Buletin 2001/21 



(51) lntC|7; F03D 11/04, B63B 35/00, 
B63B 27/10. F03D 1/06, 
E02B 17/00 



(21 ) Application number: 001 2S1 14.9 



(22) Date of filing: 17.11.2000 



(84) Designated Contracting States: 


(72) Inventor: Stiesdal, Henrik 


AT BE CH CY DE DK ES Fl FR GB 6R IE IT LI LU 


7330 Brande (DK) 


MCNLPTSETR 


Designated Extension States: 


(74) Representative: Nielsen, Leif et ai 


AL LT LV MK RO SI 


Patrade A/S 




Fredens Torv 3A 


(30) Priority: 17.11.1999 DK 165199 


8000 Aarhus C (DK) 


(71) Applicant: BONUS ENERGY Aj® 




7330 Brande (DK) 





(54) Method and vessel for installation of off-shore windmills 



(57) There is disclosed a vessel (1) and a method 

for installing off-shore windmills (11). 

Main components for windmill (11) and base (10) 
are assembled Into one unit at a location other than the 
final location. The pre-assembled unit is subsequently 
shipped to and placed at the final location by using the 



vessel (1). 

The unit is supported at one point (L) on the mill 
tower immediately above the centre of gravity (G) of the 
unit by lifting, during shipping and installation. Thus it is 
possK)fe to use vessels where the support constmctlon 
for the unft has substantially lower height that previously. 
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(54) Method and vessel for Installation of off-shore windmills 



(57) There is disclosed a vessel (1) and a method 
for installing off-shore windmills (11). 

Main oomponents for windmill (11) and base (10) 
are assembled into one unit at a iocatbn other than the 
final location. The pre-assembled unit is subsequently 
shipped to and pfaced at the final location by using the 



vessel (1). 

The unit is supported at one point (L) on the mill 
tower immediately above the centre of gravity (G) of the 
unit by Hfting, during shipping and installation. Thus rt Is 

possible to use vessels where the support construction 
for the unit has substantially lower heightthat previously. 
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Description 

[0001] The present invention concerns a method for 
installing off-shore windmills, a vessel for such Installa- 
tion as defined in the preamble of claims 1 and 8, re- 
spectively, and a windmill as defined in the preamble of 

claim 14. 

[0002] Installation of windmills at sea is prior art. The 
first sea-based windmill farm was erected in 1991. On 
that occasion, caisson foundations were made in dry 
dock and then floated to the chosen position and sub- 
merged. InstaHation of the windmills occurred in the way 
that they were assembled completely in a close-lying 
harbour, transferred to barges, towed to the founda- 
tions, lifted upright and moved over onto the founda- 
tions. 

[0003] Largely the same method was used in the next 
significant project However, the caisson foundations 
were towed out on a barge instead of floating by them- 
selves, and the mills were installed by main compo- 
nents, with tower, mill top and rotor in each their lift. 
[0004] Single pile foundations were used in two later 
projects. The foundations were rammed and bored, re- 
spectively, into the underground, and here again the 
mills were installed by main components. 
[0005] IS known that the methods used until now 
have a number of drawbacks. Primariiy, the processes 
are relatively complicated and work intensive whk^h are 
considerable disadvantages by off-shore works. Trans- 
port conditions and down time due to weather Implies 
that the average cost per effective work hour is much 
higher than on shore. The complicated processes that 
have to occur in a certain succession also Imply an in- 
creased risk of being surprised by bad weather or break- 
down of machinery at an unpropitious time in the course 
of the project. Besides, it Is a cost-raising factor that in- 
stallation of foundations (bases) and windmills usually 
occur by two separate processes each giving cause to 
mobilisation costs. 

[0006] It is known that work conditions at sea in gen- 
eral are much more difficult that on land. An often us^ 
comparison is that the costs per effective work hour is 
of the magnitude 10 times greater at sea than on land. 
[0007] In a series of concept studies, alternatives to 
the known methods have been examined. The purpose 
has been to reduce the costs at a superior level, and 
more specifically this has been utilised m different pro- 
posals to methods where the known dlsac^/antages are 
reduced. An example of siKJh alternatives are prqxisals 
concerning floating of foundation and windmill In one 
step. The method Is here that windmill and foundation 
are assembled on shore, for example In a dry dock or 
a! a place where the foundation may be slid into the wa- 
ter. The necessary buoyancy Is either provided by buiit- 
in buoyancy elements in the foundation Itself or by tem- 
porary buoyancy elements which are fastened to the 
foundation <±irlng ^e floating. 
[0008] A (xinsiderabie drawback by assembled float- 



ing is that buoyancy elements of considerable size are 
required for providing the necessary buoyancy and sta- 
bi[lty. By windmills of the size expected to be installed 
at sea m larger number (wlndmiils of or with more than 
s 500 kW installed power), the buoyancy elements be- 
come substantially larger than those whfch may be in- 
tegrated into a normal fmjndation wfthln the usual eco- 
nomic limits. Therefore, it is necessary with temporary 
buoyancy elements which are to be of considerable size 

10 with tiie costs associated therewith. The handling of 
such elements at sea is no small task, and a part of the 
saving on the mounting of the mill Is in danger of being 
lost by work on the buoyancy elements. Another sub- 
stantial disadvantage is that the stability during the sink- 

is ing on the selected site may raise problems. If the sink- 
ing occurs by letting in water or other ballast into the 
buoyancy elements, the float stability is typically Im- 
paired substantially, which implies an increased risk of 
capsizing. Unless there are favourable tide conditions 

20 so Ifiat ^e sinking may occur by simple grounding at 
low tide, where the necessary ballast may be supplied 
quickly for providing stability on the bottom, the stability 
prdDlem during sinking will normally Imply that a foun- 
dation with integrated, permanent buoyancy elements 

25 will need either complicated filling routines in mutually 
closed chambers or external stabilisation during sinking , 
e.g. support by a crane. For temporary buoyancy ele- 
ments not integrated In the foundation, there will typical- 
ly be a need for similar arrangements or, alternatively, 

30 the possibility of the sinking occurring by lowering from 
the buoyancy elements. However, the latter requires 
winch capacity on and a certain kind of mutual connec- 
tion between the buoyancy elements as well as require- 
ments for controlling the process will be considerable. 

35 A consequence of this is that insurance will only be pos- 
sible on the badcgrcHjnd of very comprehensive descrip- 
tions of work and methods, model experiments, safety 
assessments etc. which may raise the costs of the proc- 
ess considerably 

40 [0009] It Is known that offshore structures in other 
connections (oil and gas industry) in large units are lifted 
or pushed from quay onto floating vessels and then lifted 
m place at the desired location. However, here Is nor- 
mally talked about "topside" structures, I.e. the search 

45 or production unit itself, while the foundation has been 
established In advance. O&yer offshore structures, typi- 
cally work and search platforms, are floating by them- 
selves and may be towed to the desired location where 
they are either sunk or supported with legs according to 

50 jack-up like methods. However, here we are talking 
about temporary structures where the method itself dif- 
fers considerably from the one which is disclosed here. 
[001 0] Finally, it is prior art that offshore stnjctures in 
one piece, with or without foundation, may be mounted 

55 on or at quay, lifted upon a transport vessel, towed to 
the installation locality and there, still in one piece, lifted 
to the final location. By the lift performed in this method, 
floating cranes are normally always used with sufficient 
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lifting capacity, where the structure is suspended under 
a hook, and v^ere the stability is secured by Jifting in 
the approximately highest point of the structure, sub- 
stantially above the centre of gravity In a variant of this 
method, no transport vessel is used, and the floating 
crane Itself carries the burden on the way f ronn quay to 
the final location. The advantage of not using any trans- 
port vessel is that, by the lift at sea, relative movements 
between transport vessel and floating crane caused by 
sea may be disregarded. Methods of this kind normally 
have the very significant disadvantage that they depend 
on use of a floating crane the lifting capacity of which 
corresponds to the wefght of the complete structure and 
the lifting height of which substantially exceeds the 
height of the structure to be InstalJed. If this stmcture \s 
a wind mill tower or a windmill, a lift over the top of the 
tower or the windmill is normally required. Typically, the 
height is here in the magnitude 60-100 m or more, and 
the requirements to the floating crane therefore become 
great, implying the supply of suited vessels becoming 
rather limited. The latter may imply considerable disad- 
vantages with respect to availability at the desired time 
as well as the level of cost. The problem Is worsened if 
the floating crane ttseli carries the load on the way from 
quay to the final location. Here, the floating crane per- 
forms a function that othenwise may be performed by a 
much cheaper vessel which is less in demand. 
[0011] The object of the invention is to provide a meth- 
od for installing windmills at sea, which minimises coste 
and risk, and which avoids the drawbacks connected 
with installation by the methods known hitherto, 
[0012] This is achieved by a method and a vessel of 
the kind mention In introductton which have the charac- 
teristics indicated in claims 1 and 8, respectively, and a 
windmill with the characteristics indicated in claim 14. 
[0013] Hereby is achieved that the vessel used is 
adapted to the structure In the way that it has a lifting 
height which is substantially reduced in relation to the 
lifting height of a normal floating crane and which may 
be made as a temporary installed structure on a stand- 
ard vessel 

[0014] Compared with prior art, tiie Invention implies 
a nuniber of advantages. 

[0015] Windmill and foundation may be mounted as 
a unit on land or at quay, and all mounting of cables and 
other accessories may be finished. Depending on the 
type of base (foundation) and other circumstances, 
even the possibility of test running on land may be 
achieved. Compared with the prior art methods, a very 
significant advantage is hereby achieved. Work as well 
as test mnning may occur under normal, favourable 
work and safety conditions and with much lower cost 
than at sea. Possible faults may also be repaired with 
far less costs. Landbased crane assistance may be pro- 
vided at normal rates rf necessary. 
[0016] Windmill and base may be shipped in one 
piece, typically by the same vessel performing liftmg as 
well as transport and Instalfatbn. This may occur with 



the mill tower oriented largely vertically without require- 
ments of very high floating cranes and with the possibil- 
ity of not damaging the mill construction which is the risk 
if transported horizontally and raised at the location for 
5 installing. Hereby, compared with an arrangement with 
floating from a dry dock, rs achieved the signrficant ad- 
vantage that standardised vessels and tools may be 
used, and that temporary buoyancy elements do not 
have to be dismounted under difficult conditions at sea. 

10 Compared with arrangements where the windmill is 
erected piece by piece at the location at sea, by the in- 
vention Is achieved the advantage that the number of 
working hours at sea are reduced to the least possible. 
[0017] Compared with an installation with floating 

'5 crane of a complete windmill with base, there is 
achieved the very signricant advantage that the vessel 
required according to the method may have a lifting 
height which is considerably reduced compared with the 
lifting height for a normal floating crane. A further ad- 

20 vantage is that the structure may be made as one or 
more separate units that may be mounted on a standard 
vessel, for example a standard offshore barge. Thereby, 
the prior art disadvantages concerning availability at the 
desired time and cost level for normal floating cranes 

25 are very much reduced. Compared with installation 
methods where the windmills are transported on sepa- 
rate vessels, there is achieved the advantage at the lift- 
ing at sea that relative movements between transport 
vessel and floating crane caused by sea may be dlsre- 

30 garded. Compared with the method where the transport 
at sea is performed with a normal floating crane and 
where the problems with relative nx>vements are also 
avoided, the invention has the significant advantage that 
an expensive unit in demand, like a f bating crane, is not 

35 to be used for pure transportation purposes. 

[0018] Advantageous embodiments of the invention 
are described in the independent ciairr^. 
[001 9] The invention is described more closely in the 
following as reference is made to the accompanying 

40 schematic drawing, where: 

Fig. 1 shows a vessel according to the invention 
suppbrtfrlB a Windmill "aeeording^ to the Inven- 
tion, 

45 Fig . 2 illustrates different steps in a method accord- 
ing to the inventten when using the vessel 
shown in Fig. 1 , 
Fig. 3 shows a second embodiment of a vessel ac- 
cording to the invention supporting a windmill 
so according to the invention, and 

F^. 4 iikjstrates different steps In a method accord- 
ing to the invention by using the shown vessel 
in Fig. 3. 

55 [0020] Figu re 1 shows a vessel made according to the 
invention. On a standard offshore barge 1 , e.g. with the 
dimensions 90 x 30 m, there is mounted two pairs of 
derricks, a front pair 2 and a rear pair 3. The derricks 
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are identical and suspended by identical bearings 4 fas- 
tened to the deck of the vessel. At their upper ends, the 
derricks carry a tackle arrangement 5. With suitable 
winches 6 the relative orientation of the derricks to ver- 
tical may be adjusted, and the suspended load may be 
hauled up and down. On the windmill, immediately over 
the centre of gravity G of the totaJ structure, there are 
provided connecting means 20 on the tower at a position 
L interacting with connecting means 21 at the end of a 
wire 22 running in the tackle arrangement 5. On the tow- 
er Hiere is fastened a guide 7 ensuring ^at liie lifting 
rods 8 may attack at a positfon on the structure with suf- 
ficient carrying capability, even if this is belowthe centre 
of gravity, as e,g, here rn the transition 9 between the 
foundation or base 10 and the wndmill 11 . 
[0021] The vessel 1 is here a standard vessel of which 
the supply on the charter market is considerable and the 
prices moderate- The lifting arrangement in the shape 
of derricks 2-3, bearings 4 and winches 6 here constitute 
a separate unrt which may be mounted on and dis- 
mounted from the standard vessel. 
[0022] Figure 2 shows an instaNatlon sequence using 
the vessel from Figure 1. At pos. A the windmill 1 is seen 
erected on ite base 9 on a quay 1 2. The vessel 1 is towed 
to the quay, and engagement has been made for lifting. 
At pos. B the windmill Is lifted and the derricks are ad- 
justed so that the windmill is placed over the deck of the 
vessel. At pos. C the windmlil is bwered for resting on 
the deck, and the vessel is towed to the sea. At pos. D, 
the lift for installation Is Initiated at the previously pre- 
pared location 13. At pos. E, the derrbks are adjusted 
again so that the windmill is positioned over Its final lo- 
cation. At pos. F, the windmill is lowered onto its location. 
[0023] The lifting arrangement described in Figure 1 
is based on separate, centrally actuated derricks and 
winches v^ich largely distributes the toad on the vessel 
as a series of point loads without any moments. By an 
alternative version, the lifting arrangement may be em- 
bodied as one untt, or a small number of units, which by 
their fastening act on the vesseJ with a moment but 
whteh in rebjrn are easily mounted and dismounted. 
[0024] A Hfting arrangement of this character is shown 
in Figure 3. A vessel 14 is provided with a steel con- 
struction 15 having a winch 16 and a tackle arrangement 
1 7 which enables lifting of the windmill In the same way 
as previously indicated. A cantilever part 1 8 enables fix- 
ing the base 9 to the construction 15 when the windmill 
is lifted from the quay. This fixation provides the greatest 
possible stability during the sea transportation. 
[0025] Rgure 4 shows an installation sequence using 
the vessel of Figure 4. At pos, A the windmill 1 is seen 
erected on its base 9 on a quay 12. The vessel 14 is 
towed to the quay, and engagement Is made for lifting. 
At pos. B the windmill is lifted, and the base is fastened 
to the cantilever part 18. At pos. C the vessel is towed 
to the previously prepared location 13, and the windmill 
IS positioned over its final location. At pos. D the windmill 
is lowered upon its location. 



Claims 

1- A method for erecting off-shore windmills where 
main components for windmill and base are assem- 

5 bled into one unit at a location other than the final 
location, and where the pre-assembled unit subse- 
quently is shipped to and placed at the final location, 
ciiaracterised in that the unit is held wfth a largely 
vertical orientation of the tower of the mill and is sup- 

10 ported at a point on the tower of the mill immediately 
over the centre of gravity of the unit when lifting the 
unit during shipping and installation. 

2. A method for erecting off-shore windmills according 
15 to claim 1, characterised in that during transport 
the unit is suspended by a support construction on 
a vessel so that it is transported with the underside 
of the base largely at sea level at a pos1tk>n inside 
or outside the vessel. 

20 

3- A method for erecting off-shore windmills according 
to claim 1 , characterised In that during transport 
the unit is supported with the base against a surface 
on vessel. 

25 

4. A method according to any preceding claim, char- 
acterised in that the transport occurs without use 
of separate buoyancy elements. 

30 5- A method according to any preceding claim, char- 
acterised in that the base of the windmill is formed 
by a gravitational base. 

6. A method according to any preceding claim, char- 
35 acterised in that the base of the windmill at least 

partly is formed by piles. 

7. A method according to any preceding claim, char- 
acterised m that lifting is performed at a position 

40 substantially below the top of the mill, preferably at 
the lower half of the mill construction. 

8. A vessel for erecting off-shore windmiiis where irhaiih 
components of windmill and base are assembled 

45 into one unit at a location other than the final loca- 
tion, and where the pre-asserr^led untt subse- 
quently is shipped to and placed at the final location 
as the unit is held with a largely vertical orientation 
of the tower of the mill when lifting the unit during 

so shipping and installation, characterised in that it 
comprises a support construction with a lifting unit 
comprising connecting elements arranged for inter- 
acting with corresponding connecting elements 
which are situated on the mill tower at a position 

55 above the centre of gravity of the unit, the support 
construction having a greatest height substantially 
bebw the height of the top of the mill. 
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9. A vessel according to claim 8, characterised in that 
the support construction and the lifting unit com- 
pletely or partly constitute a separate unit. 

10- A vessei according to claim 8 or 9, characterised 5 
in that the lifting unit mainly comprises centrally ac- 
tuated derridcs suspended on bearing pedestals 
and a winch used for actuating the derricks. 

11. A vessel according to claims 8, 9 or 1 0, character- io 
Ised In that the lifting unit comprises a cantilever 
structure that may be fitted and detached from a 
standard vessel. 

12. A vessel according to any of claims 8-11 , charac- is 
terised in that the support construction and the m- 

ing unit constitute an assembly that may be fitted 
and detached from a standard vessel essentiaify in 

one piece. 

20 

13. A vessel according to claim 1 2, characterised In 
that the unit comprising the support construction 
and the lifting unit are fastened to the vessei with 
screw bolts, welding, ballast, or a combination of 
these methods. 2S 

14. A windmill for erection at sea where the main com- 
ponents for wmdmill and base are assembled into 
one unit at a location other than the final location, 
and where the pre-assembled unit subsequently is 30 
shipped to and placed at the final location, 
characterised in that the windmill have connecting 
efements on its tower In a position imm^ately over 
the centre of gravity of the unltthat may interact with 
correspondmg connectrng elements at the top of a 35 
lifting construction on a vessei. 
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